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itric oxide (NO) is generated during the oxidation of L-arginine via the activity of NO synthase (NOS). The calcium-dependent isoforms of NOS produce small instantaneous increases in local NO concentration upon changes in intracellular calcium concentration. A calcium-independent transcriptionally inducible isoform also exists, namely, inducible NO synthase (iNOS/NOSII), which produces large amounts of NO for a longer period of time than the calcium-dependent isoforms, but which depends on de novo synthesis upon cellular exposure to the correct inducing agents (for reviews see refs 1, 2) . The large-scale output of NO via iNOS may play an important function in the immune system where it can be advantageous to the host for tumor cell (3, 4) or microorganism (5) killing. Conversely, it may cause genotoxic effects (6) , inflammation (7), or immunosuppression (8) . iNOS was first shown to exist in macrophages (9, 10) , although it has now been identified in a wide range of cell types.
Control of expression of the murine iNOS gene is believed to occur mainly at the level of transcription. The existence, and in some cases the functional importance, of a large number of putative binding elements upstream of the transcription start site has been demonstrated (11) (12) (13) (14) (15) (16) (17) (18) (19) . These include two NF-κB binding sites, three nuclear factor interleukin-6 (NF-IL6) binding sites, one Oct site, several interferon regulatory factor binding elements (IRF-E), a gammaactivated site (GAS), a C/EBP-response element, and a hypoxia-responsive element. It has been postulated that the variety of conditions inducing NO production via the murine iNOS pathway, such as gram-negative bacterial cell wall lipopolysaccharides (LPS) (20) , cytokines including inteferon types 1 and 2, interleukin-1β, and tumor necrosis factor-α (21-23) and hypoxia (17) may be because of the existence of a number of signaling systems inducing iNOS gene expression through multiple regulatory elements (20) . In fact, transcriptional activation of the iNOS gene may be a result of the assembly of a large multifactor complex (enhanceosome) binding to these regulatory elements as has been postulated for other NF-κB-dependent genes (24) , as attested by a recent work described by Saura et al. (25) . Differences in occupation of these elements and, therefore, in the enhanceosome composition would be expected to modify the level of iNOS gene expression according to the stimulatory conditions.
Using the technique of in vivo footprinting by ligation-mediated PCR, we recently mapped changes in methylation sensitivity on guanine residues within, or adjacent to, many of the regulatory elements in the murine iNOS gene that had previously been identified using in vitro techniques (26) . We also identified hypomethylation at guanine residue(s) -898/899, which lies outside of any previously recognized element. We have now identified this region as a partial heat shock regulatory element adjacent to an E-box and demonstrate that heat shock is able to modify NO synthesis via iNOS. In addition, we show that the heat shock element is responsible for induction of LPS-stimulated transcription of the iNOS gene.
MATERIALS AND METHODS

Chemicals
LPS derived from E. coli (serotype 0128:B12) was obtained from Sigma (St. Louis, Mo.). Antiheat shock factor-1 (HSF1) antiserum was a kind gift of Dr. Michel Morange and Dr. Richard N Morimoto. An anti-USF2 antibody, which cross-reacts with USF1 and is therefore described here as anti-USF, was obtained from Santa Cruz Biotechnology (Santa Cruz, Calif.). Noncrossreacting anti-USF1 and USF2 antisera were kindly given by Dr. Michel Raymondjean. All other chemicals used were of the highest grade commercially available.
Cells
An established mouse macrophage cell line, RAW 264.7, was used because of the need for relatively large numbers of homogeneous cells for the in vivo footprinting and particularly the nuclear run-on experiments. We did not use primary macrophages because of the potential tolerating effect on iNOS gene expression caused by eliciting the cells with thioglycollate (as is necessary to obtain large numbers of primary macrophages). The cells were cultured in Dulbecco's modified Eagle's medium supplemented with 10% fetal bovine serum (endotoxinfree) and gentamycin (40 µg/ml). Heat shock of the cells (still adherent and in the presence of growth medium) was carried out by heating the cells at 41°C for 20 min.
In vivo genomic footprinting analysis (IVF)
Genomic footprinting analysis of the enhancer noncoding strand was carried out using dimethyl sulfate methylation and the ligation-mediated PCR (LMPCR) method (27) as we have described previously for the murine iNOS gene regulatory regions (26) .
Measurement of nitrite concentrations
NO 2 concentrations in the culture media were determined using the Griess assay (28) and are representative of the amount of NO produced by cells (29) .
Western blot analysis
Western blot analysis was performed on cytosolic extracts of cells by conventional procedures using a polyclonal rabbit anti-rat iNOS antiserum (a kind gift of Dr. H. Oshima), anti β-actin antiserum (Sigma), and a horseradish peroxidase-conjugated goat anti-rabbit IgG (Sigma). Detection of proteins was carried out by the chemiluminescence method (ECL; Amersham, Amersham, U.K.).
Nuclear run-on analysis
Measurements of the rate of transcription of the iNOS gene were carried out essentially as described by Cerdan et al. (30) . Each reaction consisted of 100 µl of freshly prepared nuclei (~50×10 6 ), 100 µl of 2× run-on buffer, 100 µg of yeast tRNA, and 100 µCi of [α 32 ]UTP (3,000 Ci/mmol). In vitro transcription was performed at 30°C for 30 min. The 32 P-labeled RNA was then purified and hybridized at 42°C for 48 h onto TransBlot nitrocellulose membranes (BioRad, Richmond, Calif.), which contained 2 µg of linearized rat iNOS cDNA and 1 µg of PCRamplified human β-actin cDNA. Membranes were then washed and exposed to Biomax film (Kodak) at -80°C.
Electrophoretic mobility shift assays (EMSA)
Nuclear protein extractions were carried out as described (31) . Extracts (2-4 µg) were incubated for 10 min in the presence or absence of cold competitor. The incubation medium contained, at final concentrations, 20 mM HEPES pH 7.5, 35 mM NaCl, 2 mM DTT, 60 mM KCl, 0.01% NP-40, and 0.2 mg poly (dI-dC)
. poly (dI-dC).
32 P-labeled probes (~50,000 cpm) were then added, and after 20 min at room temperature, the reaction mixtures were deposited in the wells of 5% polyacrylamide gels under a low voltage (25 V) . The products were separated by electrophoresis at 160 V for 1.5 h. Gels were fixed and then dried before exposure to X-ray film overnight at -80°C. Specific antibodies were included in the reaction mixtures just after the labeled probe and incubated at room temperature for 20 min before electrophoresis.
Transient transfections and luciferase activity assay
The murine NOSII promoter (Oxford Biomedical, Oxford, Mich.) was subcloned into the pGL2-basic vector. Mutations were performed using the quick-change site-directed mutagenesis kit (Stratagene). Plasmid DNA for transfections was prepared using a QIAfilter plasmid maxikit (QIAGEN, Valencia, Calif.). RAW264.7 cells were cultivated in RPMI1640 medium and transfected by electroporation as described previously (32) . Briefly, 10 µg of reporter plasmid was added to 5 × 10 6 cells in RPMI-1640 medium in a volume of 0.25 ml and cells were electroporated at 280 mV, 960 µF using 0.4-cm cuvettes and a Bio-Rad Gene Pulser. After transfection, the cells were washed once in 20 ml of medium, then plated at 2 × 10 5 per well in 0.5 ml of medium in a 24-well plate. After overnight incubation, the medium was replaced to remove dead cells and residual plasmid DNA. After 24 h, the cells were exposed to heat shock if required by adding medium at 41°C and floating the plate in a 41°C waterbath for the required time. LPS was then added at the indicated concentrations, and incubation continued for a further 8 h. The medium was removed, and the cells were lysed before measurement of luciferase activity using the Promega assay kit.
RESULTS
In vivo footprinting of a putative partial heat shock element and E-box in the murine iNOS gene
We previously revealed by in vivo footprinting, hypomethylation at guanine residues -898/899 in the murine iNOS distal enhancer DNA sequence, upon exposure of RAW 264.7 macrophages to LPS (26) . Because factor binding to this region had been so far unidentified, we used the Transfac Matrix database to search for putative known recognition elements. A possible site was detected, at -902 to -898, corresponding to the sequence -902 ATTCC -898 , which represents part of a putative heat shock element (HSE). This element typically exists in inverted trimeric nGAAn arrays (33) and binds a transcriptional activator protein known to be involved in the transcriptional activation of heat shock/stress proteins upon cellular exposure to environmental and physiological stress (i.e., HSF-1) (for a review see refs 34, 35) . A further possible match was also detected at -893 to -888, corresponding to -893 CATGTG -888 , which is similar to the E-box consensus sequence, CACGTG. The E-box binds dimeric members of the basic-helix-loop-helixleucine zipper family of proteins, such as the myc-max family and the upstream stimulating factor (USF) proteins (36, 37) . These factors can be activated during certain conditions of cellular stress (38) and have indeed been found to play a role in the transcription of some heat shock proteins (38) (39) (40) .
Because both of these putative regulatory elements are implicated in the heat shock response, we conducted further in vivo footprinting experiments to examine whether they could also be occupied in vivo when macrophages are exposed to heat shock.
Cells were exposed to an elevated temperature of 41°C for 20 min, a treatment often used to stimulate the heat shock response, with consequent activation of HSF1 and expression of the heat shock proteins (34) . Cells were also exposed to LPS during and after the heat shock treatment, and a sample of cells exposed to LPS but receiving no heat shock treatment was also included. The discussion of the results is limited only to those guanine residues that were consistently hypomethylated or hypermethylated in separate samples and in independent experiments supported by scanning analysis (data not shown).
No methylation changes were seen in the in vivo control compared with the in vitro control ( Fig.  1) , indicating either the absence-or levels below the in vivo footprinting detection limit-of significant constitutive binding at this region before macrophage stimulation, as previously seen (26) . Heat treatment of the cells reproducibly caused a hypomethylation at guanine -898/9 (within the putative partial HSE), similar to that induced by LPS treatment as has previously seen and again shown here ( Fig. 1 ). This suggests that there is inducible factor binding at this site. Exposure of the cells to LPS plus heat also resulted in a hypomethylation at -898/9, the degree of which was greater than that seen in the cells exposed to either LPS or heat alone. Furthermore, a hypermethylation (a phenomenon often seen in IVF analysis when a protein binds just adjacent to an altered residue) was observed in the proximal guanines at -893/4 (of which one guanine is within the putative E-box and the other is just adjacent), which had not been detected in cells treated with only LPS or heat.
Determination of the rate of iNOS gene transcription, iNOS protein, and NO levels after heat shock of macrophages
Because of the likely occupation of the putative partial HSE within the iNOS enhancer, we attempted to determine if heat shock is a potential inducer of macrophage iNOS transcription. We used the nuclear run-on assay, which measures the de novo synthesized mRNA of a given gene. We detected an ~2.5-fold increase in the rate of transcription of the iNOS gene in cells exposed to a heat shock (20 min at 41°C) in the presence of LPS, compared with the rate of transcription in cells exposed to LPS alone ( Fig. 2A) . Transcription of the iNOS gene could not be detected in cells exposed to heat shock alone (data not shown). These data have been further confirmed by reporter gene analysis. Heat shock induced a low basal luciferase activity in cells without LPS stimulation, whereas by combining heat shock and LPS stimulation, the induction was greater than with LPS alone (Fig. 2B ).
We then determined if this increase in the rate of transcription of the iNOS gene under conditions of stimulation by heat shock plus LPS was matched by an increase in iNOS protein levels, consistent with the increase in transcription. Heat shock plus LPS treatment provoked an ~1.5-fold increase in the level of cellular iNOS protein, as detected by immunoblotting, compared with that in cells exposed only to LPS (Fig. 3A) . iNOS protein was not detected in cells exposed to heat shock alone.
Because of the clear effect on iNOS gene expression of a co-exposure of macrophages to heat shock and LPS, we then investigated whether macrophage NO production could also be enhanced under these conditions. We found that heat treatment of RAW 264.7 cells did not induce NO accumulation in the culture medium (Fig. 3B) . However, a similar heat treatment of cells exposed to LPS caused a 50% increase in the production of NO relative to that observed in cells exposed to LPS and not heat-treated ( Fig. 3B ; compare the heat shock plus LPS sample with the LPS sample).
EMSA analysis of the putative E-box and partial heat shock element in the murine iNOS gene
EMSA experiments were performed using oligonucleotide A or B, representing different portions of the iNOS gene enhancer region (i.e., -904 to -883 and -908 to -894, respectively), surrounding the guanines whose methylation sensitivity was seen to be altered in the IVF analysis or noncompetitor mut A or mut B, in which the putative E-box and partial HSE had been mutated (Fig. 4) . Another form of oligonucleotide A containing mutations in the two partial HSE sites within A (i.e., mut HA) was also used. To determine if the putative partial HSE and Ebox within the distal enhancer are bound by nuclear proteins after exposure to LPS, heat shock, or both, we conducted EMSA experiments using oligonucleotides A and B, representing bases -904 to -883 (containing two putative partial HSEs and the putative E-box) and bases -908 to -894 (containing two partial HSEs) of the enhancer, respectively, as shown in Figure 1 . Although optimally designed oligonucleotides including the -902 to -898 putative partial HSE would have included two other partial HSEs, proximally located, thus giving the typical trimeric array necessary for the functional activity of a complete HSE within a gene promoter, we were hampered from using such a probe by the presence of two proximal interferon response elements, just upstream, which may be involved in iNOS transcriptional activation (13, 14) . Therefore, we relied on the in vitro binding activity to pairs of partial HSEs to measure levels of the binding protein(s).
Initially, we confirmed that LPS exposure and heat shock stimulated binding of one or more nuclear proteins to oligonucleotide A (Fig. 5A) . We also determined that binding appeared to be greater when cells were treated with LPS plus heat shock, than with each of the treatments individually. Binding to the oligonucleotide was also observed without LPS exposure or heat shock treatment. This would likely indicate the in vitro potential for constitutive DNA binding at this site. We then used competitive binding studies to determine the location of binding to the oligonucleotide. An excess of unlabeled oligonucleotide A removed most of the EMSA in nuclear extracts from the heat-shocked plus LPS-treated cells (Fig. 5B ). An excess of mut HA oligonucleotide, in which the two putative HSEs had been abolished, but where the E-box remained, also removed this shift. This indicates that the protein(s) binding to oligonucleotide A under these conditions probably did not include HSE-binding factors. However, an excess of mut A oligonucleotide (where the E-box was abolished but the partial HSEs remained intact) did not diminish binding to oligonucleotide A (Fig. 5C) , thus implicating the E-box as the binding target of the protein(s) responsible for the band shift. We then carried out supershift experiments to ascertain the nature of the E-box binding protein(s). To determine if proteins of the myc-max family were responsible for the binding, we used an antiserum directed against max, because this protein is nearly always present in the DNA binding dimer, whereas myc-myc homodimers only bind DNA poorly. We found that neither anti-max antiserum nor an unrelated control antiserum (anti-fra-2) reduced the level of the specific band shift (Fig. 5D ). To determine if the binding was due to members of the USF family, we initially used an antiserum that reacts with both USF1 and USF2. The anti-USF antiserum completely abolished this shift and caused the appearance of several faint supershifts (Fig. 5D) . We then used antisera specific for USF1 and USF2, to determine which protein was responsible for binding. We found that antisera directed against either USF1 or USF2 caused a disappearance in the specific band shift, with the concurrent appearance of strong supershifts (Fig. 5E ), implicating both of these proteins in the binding.
Although HSF-1 binding to oligonucleotide A was not seen under our conditions, we considered it relevant to test our nuclear extracts with another oligonucleotide, oligonucleotide B. This oligonucleotide does not contain the E-box but has the putative partial HSE at -902 to -898 (Fig.  4) at a more central position than in oligonucleotide A, perhaps favoring binding to this site. A second putative partial HSE is also present in oligonucleotide B, at -907 to -903. In nuclear extracts of control cells, binding to this oligonucleotide was detected (Fig. 6A , see arrowed band). This interaction was increased under conditions of LPS and LPS plus heat shock treatment (see arrowed band in Fig. 6A ). Heat shock treatment alone caused only a slight increase in the intensity of this band. When we added an excess of unlabeled oligonucleotide B to the incubation mixture including nuclear extracts from cells treated with LPS plus heat shock, binding was abolished (Fig. 6B) , whereas an excess of unlabeled mut B oligonucleotide (in which the two partial HSEs had been mutated) only slightly diminished binding. To identify the protein binding to one or both of these partial HSEs, we used an anti-HSF-1 antiserum. Incubation of the binding reaction with pre-immune serum had no effect on complex formation (Fig. 6C) . However, when anti-HSF-1 antiserum was included in the reaction mixture, the amount of specific complex formed was greatly diminished. This is indicates the presence of at least the HSF-1 protein, binding to one or both of the partial HSEs. Although we did not observe a supershift with this antiserum, this can occur in supershift experiments because antibody binding can alter the DNA binding affinity of a protein.
Analysis of nuclear NF-κB activity
We also checked the nuclear levels in the treated cells of a different transcription factor, which is known to bind to two sites in the enhancer and promoter of the murine iNOS gene (26) and which is essential for iNOS transcription (41) . We found no difference in the nuclear level of this factor able bind to the iNOS enhancer κB site, in LPS-treated cells with or without heat shock (Fig. 7) . The intensity of binding of the nonspecific band present in Figure 7 varies from one extraction to another but does not vary upon LPS, heat shock, or a combination of the two treatments. Similar experiments using the proximal κB site of the promoter revealed the same results (not shown).
Functional analysis of the identified sites
As in previous studies of LPS signaling (42, 43), we have chosen not to include internal transfection controls because 1) LPS-induced transcription factors such as Sp1 (43) and none of the commonly used alternatives (e.g., cytomegalovirus or β-actin promoters) is a valid control; 2) in our experience, co-transfected strong promoters repress the activity and inducibility of weaker promoters under the conditions of electroporation; and 3) each experiment is internally controlled, because cells from one transfection are divided into multiple wells. Results for duplicate transfections varied by <20% from the mean and duplicate wells from one transfection by <10%. The positive control plasmid, the human interleukin 1β promoter in the luciferase vector pGL3 (see ref 43) , was provided by Dr. M. Fenton (Boston University). This promoter is known to be LPS-inducible in RAW264 cells (44) . One Kb of the iNOS promoter was coupled to luciferase on order to study the functional activity of the HSEs and E-box sites. As shown in Figure 8B , transcriptional activity of the iNOS promoter increases upon LPS treatment in a doseresponsive manner and reaches a maximum of 2.5-fold induction with 100 ng/ml LPS. No significant difference in luciferase activity was seen when the E-box described here was mutated. However, mutation of the HSE sites abolished LPS activation, which was slightly detected only when the LPS dose was increased 10 times (100 ng/ml). This indicates that this HSE site is responsible for iNOS transcriptional induction by LPS in macrophages.
As described earlier, heat shock alone does not stimulate iNOS transcription in RAW 264.7 cells (Fig. 8B) . However, when accompanied by increasing concentrations of LPS, transcriptional activity is higher than with LPS alone (Fig. 8C) . When the E-box was mutated, no significant changes were detected in response to the combined treatment of heat shock and LPS, confirming that this site is not important for this response. On the other hand, mutation of the HSE site abolished the effect of the combined treatment.
DISCUSSION
The studies described in this paper demonstrate the presence of two new candidate iNOS transcription regulatory elements and, from their characterization, another agent (i.e., heat shock/stress) can be added to the list of iNOS (and macrophage NO) enhancers. However, these findings demonstrate that heat shock alone is not sufficient to induce iNOS expression. This is not surprising, because the mechanisms of high-output NO synthesis via the iNOS pathway are tightly controlled, and indeed other sets of agents are known to act synergistically upon iNOS transcription (e.g., interferon-γ and LPS) (45) . It is possible that for transcription of the iNOS gene to be initiated, a multiprotein assembly (i.e., an enhanceosome) must be set up on the enhancer and promoter, as has been postulated for other NF-κB-induced genes (24) . In this case, exposure of the cells to heat shock would not be expected to initiate this complete assembly. Although we observe in vitro that exposure of macrophages to heat shock augments USF1 and USF2 binding to the E-box and causes a slight increase in HSF-1 binding to the partial HSEs (see Figs. 5 and 6 ), in the in vivo genomic context heat shock only causes a hypomethylation at guanine -898/9 at a partial HSE, but did not lead to occupation of the E-box (see Fig. 1 ). Furthermore, heat shock does not lead to site occupation by other transcription factors, such as NF-κB, necessary for iNOS transcription (see Fig. 1 , compare the hypomethylations within the NF-κB site in the LPS-treated cells, with the lack of hypomethylation in the heat-shocked cells).
From the in vitro EMSA data, it appears that the USF1 and 2 protein binding is stronger than HSF1 when the cells are exposed to LPS plus heat shock compared with LPS-treated cells.
Binding to the partial HSEs in oligo B is not greater in the LPS plus heat shock-treated cell nuclei than in the LPS-treated cells; in fact, it is slightly less. Conversely, binding to the E-box in oligo A is increased in the former condition. This would appear to correlate with the IVF data showing the methylation sensitivity at the -893/4 guanines at the E-box, in the LPS plus heatshocked cells. Usually, the USF proteins are known to be physiologically implicated in the regulation of cellular proliferation and are activated by phosphorylation (46) . However, there have been a few reports of the induction of USF proteins in stress conditions, for example, after exposure of cells to UVA radiation or cadmium treatment (38, 47) .
iNOS induction as a result of LPS exposure plus heat shock has not been previously reported.
On the other hand, HSF1 is well known to be activated under these conditions (48), although we only saw a slight HSF1 activation under our conditions of heat shock (Fig. 6A ). HSF1 has been reported to show some constitutive DNA binding activity in the absence of stress (34), which is demonstrated in the EMSA data here, although the lack of hypomethylation at -898/9 would seem to rule out constitutive binding at the site in vivo. HSF1 normally activates transcription in vivo, by an initial trimerization, nuclear localization, and binding to inverted trimeric arrays of nGAAn elements (33, 35) . In fact, the regulatory region close to the -902 to -898 sequence described in the present study also contains several potential partial HSEs, for example at -907 to -903 (which is also present in oligo B), -887 to -883, -882 to -878, -874 to -870, and -865 to -861. Although three of these sequences may constitute an entire HSE in the iNOS enhancer, their exact identification remains to be elucidated. Nevertheless, the mutations engineered at the heat shock elements demonstrated functionally the importance of this element in iNOS transcription.
Apart from the classical heat shock genes, there are some genes whose expression can be upregulated by heat and whose regulatory regions contain HSEs and E-boxes. These include heme oxygenase (39, 49) , interleukin-7 (50), and TNF-β (51). Nevertheless, there are reports of a diminished synthesis of cytokine-stimulated iNOS protein in cells previously exposed to heat shock, although these studies were carried out with either rat pulmonary artery smooth muscle cells (52) or a human liver cell line (53) . The latter study suggested a transcriptional effect, possibly via an inhibitory effect of the heat shock response on NF-κB. We tested NF-κB activity and found no differences attributable to exposure to heat shock, in EMSAs, in NF-κB proteins activated by exposure of macrophages to LPS, binding to the κB site in the enhancer or the promoter of the murine iNOS gene (Fig. 7) . This finding would appear to rule out a nonspecific effect of heat on NF-κB activation in this model and also reduces the possibility that the heat shock treatment of the cells merely accelerates the iNOS response to LPS.
There is clearly a physiological basis for an enhanced production of NO by macrophages exposed to heat concurrently with LPS. Gram-negative infections are associated with hyperthermia and often fever. Such elevations in temperature can initiate the heat shock response, so presumably a stimulation of iNOS gene expression and thus NO production by macrophages could be expected to occur in vivo. This could explain the well-known observation that fever decreases the growth and virulence of certain bacteria, because it has been reported by several groups that NO, in concert with other host molecules, has bactericidal properties (for a review, see ref 54) . Furthermore, it would seem logical for the immune response to produce maximal levels of NO only under extreme circumstances such as this, to combat a gram-negative infection, because of the potentially damaging effects of NO to nearby cells and tissues.
We do not yet know if human macrophages can produce NO in response to heat shock/stress, in combination with LPS or other agents, although the possibility exists for USF/HSF1 involvement in the transcription of the human iNOS gene, because putative E-boxes and HSEs are present in the promoter region.
In conclusion, these data demonstrate the existence of two new regulatory elements, an HSE and an E-box in the iNOS gene, and that HSE is functionally involved in the activation of iNOS transcription. These sites are occupied in vivo upon heat shock plus LPS exposure of murine macrophages concurrent with an increased rate of transcription of the iNOS gene, increased iNOS protein, and an increased output of NO. RAW 264.7 cells were exposed to 41°C, or left at 37°C, for 20 min in the presence or absence of LPS (100 ng/ml) and then kept for 100 min at 37°C in the same medium. Genomic DNA was then immediately methylated and cellular viability was assessed using the trypan blue test. After genomic DNA extraction and piperidine treatment, LMPCR was carried out to amplify the fragments, which were then 32 P-labelled and separated on a sequencing gel, prior to autoradiography. An in vitro methylated DNA control was also included. The numbers at the left of the figure indicate the position of the guanine fragment(s) relative to the iNOS transcriptional start site. The location of the enhancer κB site is indicated. Open triangles indicate hypomethylation sites and the filled triangle represents the hypermethylation site. exposed to 41°C, or left at 37°C, for 20 min in the presence or absence of LPS (100 ng/ml) and then kept for 100 min at 37°C in the same medium. Cell nuclei were then prepared, in vitro transcription was carried out using 32 P-UTP and new labelled transcripts were hybridized to membranes containing a slot-blotted murine iNOS probe and a β-actin control probe. After washing, membranes were exposed to Biomax film (Kodak) for up to 8 days at -80°C. Densitometry was used to assess the intensity of the iNOS mRNA in the different samples relative to the control. Similar results were obtained in two further experiments. (B) reporter gene experiments using the murine iNOS promoter. Cells were transfected using the reporter gene construct and stimulated with LPS with or without heat sock. protein expression. RAW 264.7 cells were exposed to 41°C, or left at 37°C, for 20 min in the presence or absence of LPS (100 ng/ml) and then cultured for 16 h at 37°C in the same medium. Cytosolic fractions of the cells were obtained by cell lysis and centrifugation and the protein concentrations were determined using the Bradford assay. Similar quantities of cytosolic protein (approx 50 µg) were then separated by SDS-PAGE in a 7.5% gel, proteins were transferred to a nitrocellulose membrane, and iNOS protein was detected using an anti-iNOS antiserum, anti-horseradish peroxidase and chemiluminesence. The membrane was then stripped and re-blotted using an anti-β-actin antiserum. Similar results were obtained in two further experiments. (B) NO production. RAW 264.7 cells were exposed to 41°C, or left at 37°C, for 20 min in the presence or absence of LPS (100 ng/ml) and then cultured for 24 hrs at 37°C in the same medium. Samples of medium (100 µl) were then tested for nitrite concentration using the Griess assay (25) . The results are expressed as the mean ± S.E.M. (n=3) and are representative of three separate experiments. enhancer. RAW 264.7 cells were exposed to 41°C, or left at 37°C, for 20 min in the presence or absence of LPS (100 ng/ml) and then kept for 100 min at 37°C in the same medium. Nuclear extracts were mixed with the 32 P-labelled oligonucleotide, separated in a 5% native PAGE gel and visualised by autoradiography. In figure A, nuclear extracts from all three different conditions, plus the untreated control, were analysed. In figures B-E, the extract prepared from the LPS-treated plus heat shocked cells was analysed. The location of the E-box-specific binding proteins is shown with an arrow. The locations of supershifted complexes are indicated with a dotted arrow. enhancer. RAW 264.7 cells were exposed to 41°C, or left at 37°C, for 20 min in the presence or absenc e of LPS (100 ng/ml) and then kept for 100 min at 37°C in the same medium. Nuclear extracts were mixed with the 32 P-labelled oligonucleotide, separated in a 5% native PAGE gel and visualized by autoradiography. In figure A., nuclear extracts from all three different conditions, plus the untreated control, were analysed. In figures B. -C., the extract prepared from the LPS-treated plus heat shocked cells was analysed. The location of the partial HSEs-specific binding proteins is shown with an arrow. LPS treated plus heat shocked cells were analysed using an oligonucleotide containing the iNOS κB site from -971 to -962. The location of the NF-κB-specific binding activity and a non-specific binding activity is shown. The same pattern was obtained using the proximal κB site of the iNOS gene 
